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Description 

The invention relates to a paging system in a mo- 
bile communication system for service of mobile sta- 
tions which include both a vehicle equipment and a 
portable equipment. 

In a mobile communication system, the power 
consumption of a mobile station must be as small as 
possible so that a battery in the mobile station oper- 
ates as long as possible. It should be noted that a mo- 
bile station consumes some power even in the waiting 
state. 

Conventionally, an intermittent receive system 
has been used in a pocket bell system for reducing the 
power consumption as shown in JP patent laid open 
publication 60-52133 dated March 25, 1985, and in JP 
patent laid open publication 63-227134 dated Sep- 
tember 21, 1988. In that system, mobile stations are 
classified into a plurality of groups so that each group 
includes a plurality of mobile stations. A Paging infor- 
mation is broadcast in a time slot which is specific to 
the related group, and a mobile station in the group 
receives the time slot signal. As the power consump- 
tion when the station does not receive the time slot is 
very small, the power is essentially supplied intermit- 
tently, and the charged time or the life time of the bat- 
tery is long. In that system, a buffer memory is pro- 
vided to store paging calls in each time slot, and the 
content of the memory is broadcast in the related time 
slot. A call originated when a related area of the buffer 
memory is full is handled as a call loss. 

However, the conventional intermittent receive 
system has the disadvantage that the call loss de- 
pends much upon the call occurrence, and the call 
loss is large as compared with that in which no group 
classification is used. 

If we intend to provide the same call loss as that 
with no group classification, the number of paging 
slots must be increased, but the increase of the pag- 
ing slots decreases the efficiency of the paging slots 
or the paging channels. 

Another disadvantage of the conventional inter- 
mittent receive system is that both the portable equip- 
ment which is carried by a person, and the vehicle 
equipment which is carried by a vehicle, are classified 
into groups, while the vehicle equipment has no seri- 
ous necessity for power saving, or related problems. 

It is the object, therefore, of the invention to pro- 
vide a paging signal control system which is used in 
both a vehicle equipment and a portable equipment, 
reduces power consumption in the portable equip- 
ment, and provides high efficiency of the paging 
channels. 

This object is attained by a paging signal control 
system having a plurality of mobile stations and one 
or more base stations coupled with a communication 
network and communicating via channels consisting 
of time slots, characterized by mobile stations being 



classified into grouped stations which in the waiting 
state receive only time slots reserved for that group, 
and ungrouped stations which receive all the time 
slots in the waiting state; each mobile station and 
5 each base station having information whetherthe mo- 
bile station is a grouped station or an ungrouped sta- 
tion, and the group which the mobile station belongs 
to; a base station having a plurality of buffer cells, the 
content of each of which is broadcast in the related 
10 time slot of a paging channel; a paging signal to a 
grouped station being stored in the related buffer cell, 
and a paging signal to an ungrouped station being 
stored in the buffer cell which has the shortest queue; 
a grouped station receiving only a part of the time 
15 slots relating to the own station, and an ungrouped 
station receiving ail the time slots. 

The invention will now be described in more detail 
with reference to the drawings of preferred examples 
of embodiments, wherein 
20 Fig.1 is a block diagram of a main portion of a 

base station for implementing a paging signal 
control system according to the invention, 
Fig. 2 is an embodiment of a signal format of a 
paging signal according to the invention, 
25 Fig.3 is another embodiment of a signal format of 

a paging signal according to the invention, 
Fig .4 shows curves of the call loss ratio of the in- 
vention and a prior art, and 
Fig.5 shows a system diagram of a mobile com- 
30 munication system in which the invention is used. 

In Fig. 5 the symbol BS shows a base station 
which is coupled with a mobile station MS through a 
radio channel. Each base station BS is coupled with 
a control station through a paging channel P-CH for 
35 a receive call to a mobile station MS, an access chan- 
nel A-CH for originating a call from a mobile station 
MS, and a speech channel S-CH. The control station 
is coupled with a communication network. It is sup- 
posed that the control station has a home memory 
40 which stores information relating to each mobile sta- 
tion MS. 

A mobile communication system has a speech 
channel for speech communication, a paging channel 
for paging control in a receive phase, and an access 

45 channel for access control. 

According to Fig.1, which relates to a paging 
channel a buffer selector 1 selects one of the buffer 
cells 1 through n when the base station receives a 
paging signal 10 so that said paging signal is stored 

so in the selected buffer cell. The signal format of a pag- 
ing signal has a preamble P, a frame synchronization 
bit F, a paging signal indicator R, an identification of 
a mobile station ID, a group number S of a mobile sta- 
tion, a flag G/U showing whether the mobile station 

55 is a grouped station or an ungrouped station, and a 
check bit C. The flag G/U is 1 or 0. The group number 
S in the present embodiment is in the range from 1 to 
5. 
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A mobile station analyzer 2 analyzes whether the 
mobile station to be paged is a grouped station or an 
ungrouped station, and when it is a grouped station 
the group or the time slot which the mobile station be- 
longs to is provided. The paging signal 10 is used for 5 
the mobile station analysis. The information of the 
paging signal 10 which the mobile station analyzer 2 
uses is stored in a home memory (not shown) in a mo- 
bile communication network. The analyzed result by 
the mobile station analyzer 2 is supplied to the buffer 10 
selector 1 for the selection operation. 

When a mobile station to be paged is an ungroup- 
ed station, the paging signal is stored in the buffer cell 
which has the shortest queue in all the buffer cells. It 
is preferable that a table la is provided in a buffer se- 15 
lector 1, showing the length of the queue in each buf- 
fer cell. In the embodiment, the buffer cells 1-5 have 
the queue 0, 4, 6, 1 0 and 7. Therefore, the new paging 
signal for an ungrouped station is stored in the buffer 
cell 1 which has the shortest queue (length 0). 20 

A mobile station may either belong to a fixed 
group, or a variable group depending upon a mobile 
visited area. In the lattercase, the necessary informa- 
tion for the operation of the mobile station analyzer 2 
is obtained by using ID (identification) of the mobile 25 
station, and a dictionary in a home memory (not 
shown). 

The buffer cells 5 (buffer cell 1 through n) relate 
to each time slot of a paging channel. The outputs of 
the buffer cells 5 are multiplexed in the multiplexer 3 30 
so that the information in each buffer cell is inserted 
in the related time slot. The multiplexed paging signal 
is transmitted through a transmitter 4 and an antenna 
6. 

When the content of a buffer cell has been trans- 35 
mitted, the related area of the table 1a will be reset to 
zero through a control line 3a from the multiplexer 3. 

In the paging signal format shown in Fig.2. The 
paging slots 1 through n correspond to the buffer cells 
1 through n in Fig.1 . The paging signals stored in each 40 
buffer cell are transmitted in the related time slot on 
a first-in-first-out basis. 

It is assumed that a portable station which is car- 
ried by a person is grouped. When a paging signal to 
the grouped portable station is received by the base 45 
station, the mobile station analyzer 2 advises the buf- 
fer selector 1 the buffer cell which the portable station 
belongs to, and the paging signal thus received is 
stored in the buffer cell which the portable station re- 
lates to. When the buffer cell is full, the new paging 50 
signal is handled as a call loss. The content of the buf- 
fer cell is broadcast as mentioned above. 

A portable station which is carried by a person re- 
ceives intermittently the paging channel so that only 
the time slot related to the own portable station is re- 55 
ceived. When the portable station belongs to the 
group 6, the receive operation is carried out during the 
time slot 6 as shown in Fig.2. It should be appreciated 



that the time slot 6 in which the portable station op- 
erates is considerably short, and the power consump- 
tion when the station does not receive is very small. 
Therefore, the power consumption in a portable sta- 
tion is small, and the battery of the portable station 
operates longer. 

It is assumed that a vehicle station which is car- 
ried by a vehicle, or a fixed station is an ungrouped 
station. When a paging signal to the vehicle station 
reaches the base station, the mobile station analyzer 
2 recognizes that the station is not grouped, and ad- 
vises the buffer selector 1 that the station is an un- 
grouped station. The buffer selector 1 selects one of 
the buffer cells so that the queue in the selected buf- 
fer cell is the shortest in all the buffer cells. When all 
the buffer cells are full, the receive call is handled as 
a call loss. 

As a modification, the condition of a call loss to 
a vehicle station call is designed adaptively so that a 
call loss in a grouped station is equal to that of an un- 
grouped station. For instance, a paging signal is han- 
dled as a call loss when the queue in the buffer cell 
which has the shortest queue is larger than a prede- 
termined value, or when the number of buffer cells 
which have the queue shorter than the predetermined 
value is smaller than a predetermined value. 

Further, it may be possible to move a paging sig- 
nal from a vehicle station from a first buffer cell to an- 
other buffer cell when the queue in each buffer cell 
changes during the stay of the paging signal in the 
first buffer cell. In that case, no movement of the pag- 
ing signal is effected when the queue in the second 
buffer cell is larger than a predetermined value so that 
the wait time of the paging signal does not exceed a 
predetermined value. 

A vehicle station receives constantly paging sig- 
nals as shown in Fig.2(c). As the vehicle station has 
a large battery, no consideration for power saving is 
necessary. 

Fig. 3 shows a modification of a paging channel 
according to the present invention, in which it is sup- 
posed that a plurality of paging channels 1 through 3 
are provided. The use of a plurality of paging channels 
is useful when the number of subscribers is in- 
creased. When the number of subscribers is small, a 
single paging channel is used, and when the number 
of subscribers increases, the number of paging chan- 
nels is also increased. Fig. 3 shows the embodiment 
that there are three paging channels. In that case, a 
portable station which belongs to, for instance, group 
10, receives only the time slot 10 in the first paging 
channel. On the other hand, a vehicle station is clas- 
sified based upon the paging channels. When the ve- 
hicle station belongs to the first paging channel, it re- 
ceives the first paging channel which includes the 
time slots1,4, 7, 10, 13, et al. Similarly, another ve- 
hicle station which belongs to the second paging 
channel receives the time slots 2, 5, 8, 11, 14, 17 et 
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al. Thus, it should be appreciated that vehicle stations 
are grouped in a different manner from classification 
of portable stations. 

The invention has the effect that the call loss ratio 
depends less upon the dispersion of occurrence inter- 5 
val of a call, as compared with the prior art which 
groups all the mobile stations. As the vehicle equip- 
ment receives all the slots, and the portable equip- 
ment receives only the related slot, the ratio of the re- 
ceive slot to all the time slots is the same as that of 10 
the prior art. Therefore, the invention can reduce the 
power consumption of a portable station while keep- 
ing traffic intensity for each slot large, and keeping 
waiting time and call loss ratio constant. 

Fig.4 shows the simulation curves of the inven- 15 
tion, in which portable stations are classified into 20 
groups, the vehicle stations occupy 75 % of all the mo- 
bile stations, and the number of buffer cells is 5. The 
horizontal axis in Fig.4 shows the traffic amount, and 
the vertical axis shows the call loss ratio. The solid 20 
curve shows the characteristics of the invention, and 
the dotted curve shows the characteristics of the prior 
art. 

It should be appreciated in Fig.4 that the traffic 
amount for the predetermined call loss ratio of the in- 25 
vention is largerthan that of the prior art. For instance, 
when the call loss ratio is IG- 3 , the traffic amount of 
the invention is 1.5 times as large as the prior art. It 
should be appreciated that the large traffic amount 
means that a large number of mobile stations may be 30 
occupied in a predetermined number of receive time 
slots, and/or the number of control channels may be 
reduced. 

Therefore, the present invention may reduce the 
power consumption of a portable equipment, while in- 35 
creasing the efficiency of a control channel under the 
predetermined traffic condition and communication 
quality. 

40 

Claims 

1. A paging control system in a mobile communica- 
tion system having a plurality of mobile stations 
(MS) and one or more base stations (BS) coupled 45 
with a communication network and communicat- 
ing via channels consisting of time slots, charac- 
terized in that the mobile stations (MS) are clas- 
sified into grouped stations which in the waiting 
state receive only time slots reserved for that so 
group and ungrouped stations which receive all 
the time slots in the waiting state, each mobile 
station (MS) and each base station (BS) have in- 
formations whether the mobile station is a group- 
ed station or an ungrouped station, and the group 55 
which the mobile station belongs to, a base sta- 
tion (BS) has a plurality of buffer cells (5), the 
content of each of which is broadcast in the relat- 



ed time slot of a paging channel (P-CH), a paging 
signal (1 0) to a grouped station is stored in the re- 
lated buffer cell (5), and a paging signal (10) to an 
ungrouped station is stored in the buffer cell (5) 
which has the shortest queue, a grouped station 
receiving only a part of the time slots relating to 
the own station, and an ungrouped station receiv- 
ing all the time slots. 

2. The paging control system according to claim 1, 
characterized in that an ungrouped station re- 
ceives all the time slots of one of the paging chan- 
nels (P-CH). 

3. The paging system according to claim 1, charac- 
terized in that a base station has a table (1a) stor- 
ing the length of queue in each buffer cell (5). 



Paten tanspruche 

1. Ruf-Steuersystem in einem mobilen Kommuni- 
kationssystem mit einer Vielzahl mobiler Statio- 
nen (MS) und einer Oder mehreren Basisstatio- 
nen (BS), die mit einem Kommunikationsnetz 
verbunden sind und uber Kanale, die aus Zeit- 
schlitzen bestehen, kommunizieren, dadurch ge~ 
kennzeichnet, da&die mobilen Stationen (MS) in 
gruppierte Stationen, die im Wartezustand nurf ur 
diese Gruppe reservierte Zeitschlitze empfan- 
gen, und in ungruppierte Stationen unterteilt 
sind, die alle Zeitschlitze im Wartezustand emp- 
fangen, jede mobile Station (MS) und jede Basis- 
station Informationen daruber, ob die mobile Sta- 
tion eine gruppierte Station odereine ungruppier- 
te Station ist, und die Gruppe enthalten, zu der 
d ie mobile Station gehort; eine Basisstation (BS) 
eine Vielzahl von Pufferzellen (5) hat, der In halt 
jeder Pufferzelle in dem zugehorigen Zeitschlitz 
eines Rufkanals (P-CH) ausgesendet, ein an ei- 
ne gruppierte Station ausgesendetes Rufsignal 
(10) in der zugehorigen Pufferzelle (5) gespei- 
chert und ein an eine ungruppierte Station aus- 
gesendetes Rufsignal (10) in der Pufferzelle (5) 
gespeichert wird, die die kurzeste Warteschlan- 
ge aufweist, wobei eine gruppierte Station nur ei- 
nen Teil der Zeitschlitze empfangt, die zu der ei- 
genen Station gehoren, und eine ungruppierte 
Station alle Zeitschlitze empfangt. 

2. Ruf-Steuersystem nach Anspruch 1 , dadurch ge- 
kennzeichnet, dad eine ungruppierte Station alle 
Zeitschlitze eines der Rufkanale (P-CH) emp- 
fangt. 

3. Ruf-Steuersystem nach Anspruch 1 , dadurch ge- 
kennzeichnet, dad eine Basisstation eine Tabelle 
(1a) hat, in der die Lange der Warteschlange bei 
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jeder Pufferzelle (5) gespeichert ist. 



Revendications 

5 

1 . Systeme de commande de signal d'appel dans un 
systeme de communication mobile comportant 
plusieurs stations mobiles (MS) et une ou plu- 
sieurs stations de base (BS) raccord£es a un r6- 
seau de communication et comimuniquant par 10 
I'interm6diaire de canaux constitues par des in- 
terval! es ou sections de temps, caractens6 en ce 

que les stations mobiles (MS) sont class6es en 
stations groupies qui dans I'etat d'attente ne re- 
coivent que les intervalles ou secteurs de temps 15 
r6serv6s pour ce groupe et des stations non 
groupees qui recoivent continuellement les inter- 
valles ou secteurs de temps dans l'6tat d'attente, 
chaque station mobile (MS) et chaque station de 
base (BS) comportant des informations pour sa- 20 
voir si la station mobile est une station groupee 
ou une station non groupee, et le groupe auquel 
appartient la station mobile, une station de base 
(BS) comporte plusieurs cellules tampons (5), le 
contenu de chacune d'entre elles 6tant diffuse 25 
dans ('interval le ou secteur de temps concern 6 
d'un canal de signal d'appel (P-CH), un signal 
d'appel (10) destine a une station groupee est 
memorise dans la cellule tampon concerned (5), 
etun signal d'appel (10) destine a une station non 30 
groupee est memorise dans la cellule tampon (5) 
qui possede la file d'attente la plus courte, une 
station groupee ne recevant qu'une partie des in- 
tervalles ou secteurs de temps concernant sa 
propre station, et une station non groupee rece- 35 
vant tous les intervalles ou secteurs de temps. 

2. Systeme de commande de signal d'appel selon la 
revendication 1 , caract6risG en ce qu'une station 

non groupie recoit continuellement les interval- 40 
les ou secteurs de temps des canaux de signaux 
d'appel (P-CH). 

3. Systeme de signal d'appel selon la revendication 

1, caract6ris6 en ce qu'une station de base 45 
comporte une table (1a) memorisant la longueur 
de file d'attente dans chaque cellule tampon (5). 
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